Abstract -Animal performance, composition and quality of meat from Belgian Blue bulls either fattened indoors (FI) or finished indoors after a previous grazing period were studied during six years. During the grazing period, three intensification managements were tested on a permanent pasture conducted as set stocking. The intensification levels were either high (HN: 140 kg N·ha −1 with 6 bulls·ha −1 ) or moderate with a 33% reduction of nitrogen fertilisation but with the same stocking rate (MN: 93 kg N·ha −1 , 6 bulls·ha −1 ) or low with no nitrogen fertiliser but with a reduced stocking rate (ON, 4 bulls·ha −1 ). The levels of intensification did not affect sward characteristics and chemical composition of the grass. The apparent nitrogen efficiency per ha was larger in the ON plot than in the HN and MN plots (26 vs. 14%). The average daily gain of bulls during the grazing season was similar in the three groups at 1.0 kg·d −1 . The bulls from the FI group were characterised by average daily gains significantly higher than the bulls which were previously grazed and then finished indoors (1.5 vs. 1.2 kg·d −1 ; P < 0.01). The slaughter weight, the carcass composition, the dressing percentage and most of the meat quality parameters were similar between the treatment groups. The inclusion of a grazing period in the fattening system produced a meat which was darker (lower L*, P < 0.01), more red (higher a*, P < 0.05) and had a higher content of linolenic acid (C18:3 n-3) than that of the animals fattened indoors.
INTRODUCTION
In Belgium, about one third of beef meat is produced by the fattening of young bulls. Most of them are from the Belgian Blue breed [29] . This breed is characterised by large muscular development, a high dressing percentage and a high proportion of first class cuts [23] . The fattening period starts when the animal live weight is about 300 kg. Usually the young growing fattening bulls are maintained indoors but a grazing period could be set up in the growingfattening scheme, e.g., a first grazing season as calves [11] , a first indoor period as young stock, a second grazing season starting at 300-350 kg and a final finishing period indoors [20] .
In the past, the intensification rate in the management of grazing areas, determined by the level of nitrogen fertilisation and the stocking rate, was high in order to obtain the maximal yield per hectare. Nitrogen fertiliser induced important effects on grass composition, animal performances and nitrogen losses. In the context of environmental policy, it is of importance to reduce nitrogen excretions by animals along with nitrogen fertilisation and the risk of leaching. A drastic reduction in nitrogen fertilisation up to zero may therefore be suggested. The stocking rate must be adapted in order to maintain high individual performances. The consumer's attitude towards beef meat has also changed, extensive production systems being associated with natural products. Furthermore, ethical and nutritional factors encourage consumption of products from farms in which production systems are environmentally friendly [54] .
The inclusion of a grazing period before indoor finishing can influence meat characteristics, such as colour, flavour and fatty acid composition [43, 55] . One objective in beef meat production is to provide consumers with high quality products. Recently attention has been focussed on the use of a more natural production system in order to improve the image of meat for the public. So the inclusion of a grazing period in the overall management appears to be more natural and therefore more acceptable.
The present paper reports the impacts of two strategies on grass characteristics and on young grazing bull performance: a mild reduction in nitrogen fertiliser without a reduction of stocking rate on the one hand and, on the other hand, a reduction in stocking rate with no nitrogen application. The animal performance and the meat characteristics of these bulls previously grazed before an indoor finishing period were also compared with performances of bulls fattened indoors.
MATERIALS AND METHODS

Animals, grazing and fattening management
One hundred ninety-two Belgian Blue bulls were used in a study over a 6-year period. They were divided each year into 4 groups of 8 animals on the basis of their live weight. One group was fattened indoors (FI). The three other groups were grazed on a pasture located 150 m above sea level. The pasture, previously used for crops and cereal production was seeded in September with 45 kg·ha −1 of Lolium perenne (70%), Festuca pratensis (10%), Phleum pratense (10%), Trifolium repens (10%). It was fertilised with 63 units of P and 63 units of K per ha in March. Grazing started in the beginning of May and ended at the end of September after an average grazing period of 145 days. The spring fertilisation and trial was repeated over six consecutive years. The set stocking system was used. A first group was grazed at a high stocking rate and a high nitrogen fertiliser level (high nitrogen: HN). The second group was managed in a grazing system with a high stocking rate but with a nitrogen fertiliser level reduced by 33% (medium nitrogen: MN). The third group was grazed at a stocking rate reduced by 33% compared to groups 1 and 2 and no nitrogen fertiliser was applied (ON) (Tab. I). The area of the plots was 1.33 ha for groups HN and MN and 2.0 ha for group ON so that the stocking rate was 6, 6 and 4 bulls per ha respectively. The animals were offered a mixture of 50% dry sugar beet pulp and 50% rolled barley at a mean rate of 1 kg·animal −1 ·day −1 . The amount was increased in all grazing groups during some period when grass availability was insufficient to permit animals to remain at pasture. Over the 6-year period, the amount varied from 0.9 to 1.2 kg ·animal −1 ·day −1 over the grazing season. Ammonium nitrate -27% N -was used as nitrogen fertiliser and spread in different fractions at the same dates in plots HN and MN. Rainfall and average daily temperature were recorded in a station from the Royal Institute for Meteorological Weather Forecast located close to the pasture. After the grazing season, the animals in their respective groups were housed for finishing in a pen partially bedded with straw as the FI group.
All groups received a fattening diet made of 41.5% of dried sugar beet pulp, 9% barley, 9% maize, 9% spelt, 9% middlings, 9% soya bean meal, 9% linseed meal, 4% molasses and 0.5% minerals and vitamins. A transition period of 10 days was managed during which the concentrate diet was gradually increased to reach ad libitum feeding. The animals were slaughtered according to the fattening state estimated by palpation of the tail head, loin and rib area. This selection was based on an individual animal. The degree of fatness required for the slaughter was approximately 4.5 (scale from 0, very lean, to 5, very fat).
Measurements
Pasture
Grass samples were obtained every two weeks with scissors at 1 cm from the ground, a sample corresponding to 10-15 handfuls taken at random. The chemical composition of grass was determined on the dried samples according to official procedures [3] . The solubility of the nitrogen fractions was measured by extraction in an artificial saliva and precipitation with trichloroacetic acid. Grass height was recorded in the presence of the animals every two weeks with a 30 × 30 cm aluminium settling plate instrument with a pressure of 2 kg·m −2 ; 100 measures being obtained per ha. Herbage refusals were estimated every two weeks from the measurements of grass height: refusals were visualised and noted by the operator during the measurements. Botanical composition was determined during the final year by a technique adapted from the method of the frequencies [2] . Grass yield was not recorded in the present trial but, for calculation of nitrogen balance, data were obtained from neighbouring pastures grazed by dairy cows and managed in a similar manner [10] . In these pastures, grass yield was estimated for each of the systems (HN, MN and ON) in two 5 m 2 plots out of the reach of the cattle, by recording grass production cut alternatively every two weeks with a mowing machine at 4 cm height.
Animals
At the beginning of grazing, the animals weighed on average 294 kg and were 9-10 months old. Live weights were recorded every 28 days and before slaughter (final weight). They were also weighed at slaughter (slaughter weight). The total live weight gain was calculated and expressed per ha. Daily concentrate intake was recorded per group and the feed conversion ratio was calculated. The number of grazing days per ha was calculated from the stocking rate and the length of the grazing season.
At slaughter, hot carcass weight was recorded and pH and temperature were measured in the Longissimus thoracis muscle on both sides 1, 2, 4 and 48 hours postmortem using a Portamess 751 knick pH-meter (Knick GmbH & Co, Berlin, Germany) with an Ingold "penetration" pH-electrode (IngoldAG, Urdorf, Switzerland). Two days after slaughter, the 8th rib was removed from the carcass. It was dissected to separate lean meat, fat and connective tissue and bones in order to assess carcass composition [22] . A pair of 2.5 cm thick cuts was sampled from the Longissiumus thoracis. In the first one and after 1.5 h blooming time, the colour was objectively measured with a Hunterlab Labscan II device according to CIE L* a* b*. There were 5 measures per sample distributed on the surface. The second 2.5 cm -thick cut was heated in an open plastic bag in water both for 50 min at 75
• C. After heating, the bags were cooled in cold tap water to room temperature. They were then drained and the cuts were mapped gently dry with paper tissue. The difference between raw and heated weights was recorded as cooking loss and expressed as a proportion of raw weight. The tenderness expressed by its opposite, toughness, was estimated by the measurement of the Warner-Bratzler peak shear force (WBPSF) with a Lloyd LD5K testing machine (Lloyd Instruments Ltd, Fareham, England) perpendicular to the muscular fibres direction on ten 1.25 cm -diameter cores, obtained from the heated cuts. Another sample of Longissimus thoracis was freeze-dried and ground for chemical composition determination. The dry matter, ash, ether extract and crude protein of meat samples were determined according to official procedures [3] . For the bulls of groups FI and HN during the second year, the lipids from intramuscular fat samples were extracted and saponified as described by Ter Meulen et al. [51] and the intramuscular fatty acid composition was determined by gas chromatography using a Chrompack CP 9001 chromatograph (Middleburg, The Netherlands) fitted with a capillary column DB-225 (J&W, Folsom, USA). C17:0 was used as the internal standard.
Statistical analysis and assessment of nitrogen balance
The statistical analysis was carried out using the "general linear model" procedure of MINITAB [38] . The effects of treatment and year were considered as fixed. For measures performed on individual animals, the following model was used: Yij = µ + α i + β j + αβ i j + ε i jn where µ = overall mean, α i = effect of treatment, β j = effect of year, αβ i j = interaction between treatment and year effects, and ε i jn = random residual effects associated with the n observations (∼N[0,σ]).
The model Yij = µ + α i + β j + ε i jn was used for measures performed on groups used as an experimental unit or production data expressed on a per ha basis. When differences were observed between treatments, the comparisons were made using the method of orthogonal contrasts [5] , in order to analyse the effect of the presence or the absence of nitrogen fertiliser (ON vs. HN and MN) and the effect of the nitrogen fertiliser level (HN vs. MN) at a similar stocking rate.
The fatty acids data were compared by the Student t-test.
In the calculation of nitrogen balance, the nitrogen input from rainfall was estimated at 10 kg N·ha −1 ·year −1 according to the figures reported by Simpson and Stobbs [48] and Decau et al. [7] . Nitrogen fixation by the legumes was calculated using the relationship proposed by Farruggia et al. [15] :
Nitrogen fixed by legumes (kg·ha −1 ) = Biomass produced by the pasture (kg DM·ha −1 ) × PC (%) × NPC (%) × fixation (%) in which PC was the percentage of clover, NPC the nitrogen content in the clover (0.035) and fixation the average nitrogen fixation by clover (0.90).
Nitrogen fixed as meat by the grazing animals was calculated as the total live weight gain by the animals during the whole grazing season (kg·ha −1 ·year −1 ) × the amount of nitrogen fixed in one kg live weight, 0.032 [6] . The nitrogen content of the concentrate was estimated using published tables [28] . The apparent efficiency of nitrogen utilisation in a grazing system was calculated as the ratio between nitrogen output and total nitrogen input to the system [33] .
RESULTS
Grass yield and characteristics
Grass yield was 11.7, 11.5 and 9.6 tons of dry matter per ha in the HN, MN and ON groups respectively (Tab. II). The percentage of legumes was the lowest in the HN group while the percentage of gramineae was the highest. The percentage of undefined plants was similar in the three treatments.
Grass height was the highest -although the difference was not significant -in the ON group as compared with the two other treatments (8.6 vs. 6.6 cm; P > 0.05). The refusal percentage was slightly larger in the MN and ON groups (12.7 vs. 10.4%). The ADF, CP and nitrogen fraction contents were not significantly different. The mineral contents of grass varied from one year to another and there were no interactions between years and treatments. The phosphorus, potassium and magnesium contents did not vary between the treatments. The sodium content was significantly higher in the HN group while calcium was the highest in the ON group.
Animal performance at grass
and nitrogen balance The average daily gain during the grazing season was similar in the three groups (1 kg·d −1 ; P > 0.05) (Tab. III). The live weight gains per ha were larger in the HN and MN groups than in the ON group (899 kg·ha −1 in the plots with nitrogen fertiliser and 629 kg·ha −1 in the ON group; P < 0.01). The concentrate intake during the grazing season was 157 kg·bull −1 . The number of grazing days was significantly higher in MN and HN than in the ON group (870 vs. 580 d·ha −1 : P < 0.001) The nitrogen outputs as meat were lower in the ON group as compared with the two other groups (20 vs. 28 kg N·ha −1 ·year −1 ) (Tab. IV). The nitrogen balance was positive in the three groups with 
Finishing performance, slaughter, meat composition and quality
The FI bulls started the fattening at the beginning of the grazing season. Their initial live weight was 312 kg. The duration of the indoor finishing (96 days) for the bulls previously grazed was similar between the groups and was shorter (P < 0.05) than that in the FI group (163 days) (Tab. V). The duration was, however, extended when both periodsgrazing and finishing -were considered (241 vs. 163 days). Figure 1 gives the evolution of the live weight. During the grazing period a more even growth curve was observed with the FI group while a period of reduced growth was recorded at the end of grazing and the beginning of finishing. The average daily gain was similar in the three groups ∼ 1 kg·d −1 . During the indoor finishing, the average daily gain was significantly higher than during the grazing period (P < 0.001) and similar in the three groups at 1.32 kg·d −1 . Such live weight gain was, however, significantly lower (P < 0.05) than that recorded in the FI group (1.50 kg·d −1 ). Intermediate data at 1.16 kg·d −1 were obtained when both periods were considered.
The total concentrate intake during the finishing period was calculated on a group basis. It was similar at 850 kg in the 3 groups of bulls previously grazed. It was significantly lower (P < 0.001) than 1361 kg recorded in the FI group. By contrast, there were no differences when feed intake was expressed on a daily basis. The feed conversion ratio was significantly in favour of the FI group at 5.77 kg·kg −1 vs. 6.97 kg·kg −1 (P < 0.05) for the groups previously grazed.
The slaughter and carcass weights were similar between treatments. However the weights in the FI group tended to be lower compared to the animals grazed previously (548 kg vs. 569 kg for slaughter weight and 342 vs. 353 kg for carcass weight). The dressing percentage calculated as the ratio of carcass weight on slaughter weight was similar between treatments (62%; P > 0.05). The composition of the carcass (percentage of muscle and connective and adipose tissue) was equal between treatments (73% and 13% respectively). The bone percentage was significantly lower in the FI group than in the MN and ON groups (12.8 vs. 13.5%; P < 0.05) but no significant difference in bone percentage was noted between the groups previously grazed (average of 13.3%).
The chemical composition of meat was not affected by the treatments. The average crude protein and ether extract contents were 89.7 and 3.5% DM respectively (Tab. VI). The carcass temperatures and pH were similar in the four groups. Brightness (L*) was significantly higher for the FI group compared to the ON, MN and HN groups (P < 0.01). a* was the lowest in the FI group (17.0 vs. 18.3 for the MN group; P < 0.05). b* was not affected by the treatments. The drip losses were similar, but the cooking losses were the lowest in the FI group (28.3 vs. 30.5 for the MN group; P < 0.05). The Warner Bratzler peak shear force was not different between the treatments.
The fatty acid composition of intramuscular fat of the HN and FI groups are shown in Table VII . The major fatty acids were C16:0 (26.5%), C18:0 (19.3%) and C18:1 (34.2%). In the HN group, the proportions of C18:1 and C18:3 fatty acids were higher (36.4 vs. 31.9%, P > 0.05, 2.5 vs. 1.5%; P < 0.05) than in the FI group.
DISCUSSION
Vegetal aspects
Average grass heights of 6.6 cm observed in the plots with nitrogen fertiliser were in line with the data by Wright and Whyte [57] and Hodgson [25] . Grass production, measured in small plots protected N between MN and HN. The lower primary production in the ON group implied that the stocking rate had to be modified. According to Holmes [26] and Prins [42] respectively, responses varying between 15 to 7.5 kg could be expected with nitrogen application of 200 to 400 kg·ha −1 . With a lower rate of nitrogen application (80 kg N·ha −1 ), Frame [18] reported responses of 20 kg DM per kg N while Whitehead [53] reported a response from 20-30 kg DM·kg −1 N until application of 250-400 kg·ha −1 . Lambert [32] reported that response for spring application of N in pastures of rye grass was maximum up to 80 kg N·ha −1 and was much lower with an application above 140 kg N·ha −1 . In the present study, the additional production on HN compared to MN was low. It appeared thus that the maximal response was reached in MN plots.
The reduction of white clover proportion in pastures fertilised with nitrogen is currently described and is associated with a better use of mineral nitrogen by the gramineae and a reduction of nitrogen fixation by the clover [17] . The botanical composition did not differ to a large extent between ON and MN. This lack of effect could be explained by a lower grass height and a higher stocking rate in the MN group compared with ON. At higher stocking rates, the development and the branching of clover were favoured [17] . The fertilisation effects on the clover were weaker when defoliation of the pasture is frequent [19] .
The dry matter content of grass was not affected by the treatments. The opposite was noted by Demarquilly [9] in which nitrogen fertilisation reduced the dry matter content. The lack of difference observed in the present study was previously reported in another experiment in which dairy cows were rotationally grazed according to a similar experimental design [10] .
There were no differences between treatments for the contents of crude protein, soluble nitrogen, soluble non protein nitrogen, soluble protein nitrogen, ammonia and nitrates. It is usually reported that nitrogen fertilisation increases the crude protein content of grass [41] . The larger proportion of white clover in the ON group as compared to the HN group could explain the lack of significant differences in terms of crude protein content even if nitrogen fertilisation was higher in the other group [31] .
The potassium and phosphorus contents were in the range of data reported by Hemingway [24] . In the HN group, the smaller calcium contents were associated with the reduction of white clover when nitrogen fertiliser was increased [24] . The increase in sodium content with an increase in mineral nitrogen fertiliser was reported by Reid and Strachan [45] . On the whole, it appeared that the different managements in the pastures grazed by the growing bulls induced only rather small differences in terms of sward characteristics.
Performances of grazed bulls
The increase of nitrogen fertilisation in the HN and MN groups allowed an improvement of the number of grazing days. Micol et al. [37] reported an average increase of 355 grazing days per ha between two nitrogen fertilizsation levels (33 vs. 311 kg N·ha −1 ) and an improvement of 235 grazing days per ha by an increase of the stocking rate from 4.9 to 6.3 animals·ha −1 . Steen [49] also reported a significant improvement in the number of grazing days with the increase of the stocking rate.
The average daily gains observed in the present trial were in agreement with those reported by Dufrasne et al. [12] and Raskin et al. [44] with Belgian Blue cattle at grass. The effect of the stocking rate is normally inversely related to the average daily gain if there is no increase in the grass availability obtained, for example, by nitrogen fertilisation [46] . In the present study, however, the one third reduction in nitrogen fertiliser did not affect the individual performance, with grass height not being reduced by the reduction in nitrogen fertiliser. Such an observation implied that the bulls of the MN group were offered a similar amount of grass as the animals of the HN groups. Without nitrogen fertiliser, and with an adapted stocking rate, the individual animal performances were similar to those in the more intensively managed groups. Such results were in line with those of Grenet et al. [21] and Keane and Allen [31] who compared two intensification levels with grazing bulls and reported similar live weight gains in the groups.
Nitrogen balance
The amounts of nitrogen fixed by the legumes was similar to that reported by Orr et al. [40] ; it varied from 30 to 60 kg fixed N·ha −1 ·year −1 , but according to Frame [17] , the amount of fixed nitrogen could be as high as 280 kg fixed N·ha −1 . The low nitrogen output in terms of meat in the ON group was the result of the lower stocking rate in that group. Such results were in agreement with those of Farruggia et al. [15] and Stevens [50] . The nitrogen not exported as animal products was either stored in the soil or lost as leaching or volatilisation.
The nitrogen balances were comparable to those published by Farruggia et al. [15] , who reported positive nitrogen balances in pastures grazed by growing cattle. Usually, nitrogen balance is proportional to the inputs of the system, and particularly to the amounts of nitrogen fertilisers. However, excessive positive nitrogen balances along with nitrogen restitutions in the pasture are influenced mainly by the number of grazing days [15, 58] .
The nitrogen utilisation efficiency was low as compared with dairy cow systems and was in agreement with data reported in the literature [30, 50] . The system with no nitrogen induced an improvement in efficiency. Such results agreed with those reported by Stevens [50] who observed a reduction of utilisation efficiency from 14.8% to 9.1% when nitrogen inputs increased from 108 to 308 kg N·ha −1 .
Fattening performance
The live weight gains during the finishing period of the bulls which were previously grazed were higher than during the grazing period. Such a compensatory growth with grazed cattle when they were finished indoors has already been reported by Dufrasne et al. [12] and Schlegel et al. [46] . The animal performance for the overall period was to some extent lower than that of the FI group. The main differences were a longer fattening period, lower daily live weight gain and larger total feed intake. Schwarz et al. [47] also observed higher average daily live weight gains and a reduction of the total finishing period in heifers fattened indoors compared to animals fattened in pasture (1 kg·d −1 vs. 0.66 kg·d −1 ). Myers et al. [39] noted lower daily live weight gains for growing bulls in pasture compared to bulls fattened indoors (0.48 vs. 1.33 kg·d −1 respectively), but the daily live weight gains during the indoor finishing were higher for the groups which were grazed (1.40 vs. 1.28 kg·d −1 ). In the present study, compensation was partial since the animals that grazed did not reach the live weight of the FI animals at the same age. Three reasons may help explain the lower performance of bulls which grazed [12] . First, the bulls grazed and then finished indoors had to adapt twice to new regimes while only one transition period was necessary for the FI group. During these adaptation periods, the live weight gain was low. Secondly, the energy requirements for walking with cattle at grass are, according to ARC [1] , proportionately about 15% of the maintenance requirements. Such expenses would be considerably lower for housed animals. Finally, grass was not always available in sufficient quantity and quality owing to climate and rainfall. By contrast, concentrate food was offered ad libitum. The conditions in terms of management, environment and diet availability and type were thus more favourable for the FI group. Since the indoor period was shortened for groups that were grazed, the grazing period reduced the concentrate requirement by 505 kg, but increased feed conversion efficiency. The grazing bulls ate 157 kg of concentrate but this concentrate was cheaper than the concentrate offered during the fattening. A higher feed conversion ratio was also observed by Myers et al. [39] and Mader et al. [34] for indoor animals. Feed conversion ratios of the three grazed groups did not differ significantly as observed by Schlegel et al. [46] with bulls which previously grazed at two stocking rates on an alfalfa pasture.
Slaughter performance and meat quality
Slaughter and carcass weights, dressing percentage and composition of carcass were similar between the treatment groups, the slaughter being decided according to the finishing state. The tendency for a lower slaughter weight in the FI group suggested that the fattening was faster in relation with higher average daily gains. The contents of ether extract and crude protein in this study were in agreement with those published by Van Eenaeme et al. [52] for Belgian Blue bulls, with one of the characteristics of this breed being the production of a very lean meat. The contents of dry matter, crude protein and ether extract were not different between treatments. Similarly, with bulls finished on pasture with two levels of intensification, Keane and Allen [31] did not find any effects of nitrogen fertilisation or stocking rate on the chemical composition of the meat. The results found in this study have to be linked to the common finishing period in which the diet and the housing conditions were the same. This common finishing period probably reduced any potential differences due to the grazing period.
The decline in carcass pH is due to the normal decrease in glycogen reserves, no significant difference being observed between the treatments. Similarly, Ender et al. [14] did not observe differences in meat pH of bulls finished indoors, on pasture or indoors after a grazing period. Keane and Allen [31] did not report differences in meat pH of bulls finished in pasture with different stocking rates. However, Schwarz et al. [47] observed a reduction of the pH values 48 hours postmortem in heifers fattened indoors compared to finishing on pastures: the values of the group previously grazed and finished indoors were intermediate. The meat in the FI group was the brightest as indicated by a significantly higher L* and was less red (lowest a*). There was no difference for b*. Significant correlations were reported between brightness (L*) and fattening duration (r = 21.5%; P < 0.05) and between the slaughter weight and the red colour (a*) (r = 33.6%; P < 0.05). Priolo et al. [43] and Schwarz et al. [47] also observed higher L* values in the meat of bulls fattened indoors compared to the animals finished on pastures. These latter authors associated the meat brightness with animal age, the animals that were grazed being older due to a longer fattening period. This may also explain the small differences noted in this study. Furthermore, it was probable that pigments such as carotene were responsible for the increase of darkness as shown by Forrest [16] . Schwarz et al. [47] found that the fat of animals that were grazed was more yellow due to the carotene pigments, with this effect being less important during the indoor finishing period. In this experiment, the identical diet offered during the indoor finishing period probably also levelled the differences.
The drip losses did not differ between treatments, the cooking losses being, however, lower in the FI group. Dufrasne et al. [12] and Schwarz et al. [47] observed similar results but Myers et al. [39] and Keane and Allen [31] did not note any differences between animals which were fattened indoors or grazed. The Warner Bratzler peak shear force of Longissimus Thoracis muscle at 38.3 N observed in this experiment was in line with the results published by Clinquart et al. [4] for bulls of the Belgian Blue breed. In this experiment, the Warner Bratzler peak shear force did not differ between the treatments. These results were in agreement with those published by Schwarz et al. [47] , Ender et al. [14] and Keane and Allen [31] .
The composition of the intramuscular fatty acids followed the same pattern as that reported in the review of Wood et al. [54] for marketed meat. The present C18:1 concentration tended to be higher for bulls which were grazed. A similar effect was also observed by Mandell et al. [35] with steers finished indoors on a cereal diet after a growing period on grass silage compared to a control group fattened indoors on a cereal diet. The slight reduction of the concentration of C18:2 and the significant increase of the concentration in C18:3 in the intramuscular fat of bulls previously grazed were in agreement with the observations of Wood et al. [56] , Marmer et al. [36] and Hornick et al. [27] . The determination of the concentration in C18:3 could be used to trace the fattening management when a grazing period is included. The duration of the finishing period, during which all bulls received an identical diet, was probably sufficiently short so that the carry over effect of grazing was still present in order to influence the composition in fatty acids of the meat, with grass being high in linolenic acid [55] . The ratio of unsaturated fatty acids/saturated fatty acids in meat was increased from 1.08 in the FI group to 1.17 in the HN group; such a reduction is of interest for human health [13] .
CONCLUSION
A 33% reduction in nitrogen fertiliser at an unchanged stocking rate did not affect either the grass characteristics or animal performances. It may be concluded that applying 27 compared to 40 kg N·ha −1 at each spreading permitted nitrogen saving and tended to increase nitrogen utilisation efficiency without any effect on animal performances.
A grazing system with no nitrogen fertiliser resulted in similar individual animal performances as high as those in more intensive systems if the stocking rate is adapted. Such a management appeared more like an extensive system allowing a more environmentally friendly production with reduced excess nitrogen.
The inclusion of a grazing period before an indoor finishing induced lower daily live weight gains and a longer fattening period as compared to animals fattened indoors. The total live weight gain in pasture was high at 150 kg per animal with a 26% reduction in concentrate consumption. Furthermore, during the grazing period, a reduction or a suppression of nitrogen fertilisation can also be considered. This alternative to an indoor fattening thus fully agrees with the current policy of the extensification of bovine production. The inclusion of a grazing period changed the colour of meat, but not tenderness. The higher content of C18:3 n-3 and lower SFA proportions could be of interest for human health and traceability of the diet.
